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ABSTRACT
Researchers have long been interested in studying differences in implicit motive between different groups.
Implicit motives are typically measured by scoring text that respondents have written in response to
picture cues. Recently, research on the measurement of implicit motives has made progress through the
application of a dynamic Thurstonian item-response theory model (DTM; Lang, 2014) that captures 2 basic
motivational processes in motivational research: motive competition and dynamic reduction of motive
strength after a motive has been acted out. In this article, the authors use the DTM to investigate
differential item functioning (DIF) in implicit motive measures. The article ﬁrst discusses DIF in the context
of the DTM. The authors then conduct a DIF analysis of data from a study that used a picture set of the
Operant Motive Test (OMT; Kuhl & Scheffer, 2002) with participants from Cameroon, Germany, and Costa
Rica. Results showed no evidence of DIF in 9 pictures and some evidence for DIF in 3 pictures. The authors
show a partial invariance model can be speciﬁed and use this partial invariance model to study latent
mean differences between Cameroon, Germany, and Costa Rica. The discussion focuses on the use of IRT
DIF methods in future research on implicit motives.
Motivational researchers have long been interested in cultural
differences (and similarities) in the development of implicit
motives (Chasiotis, Bender, & Hofer, 2014) and cultural differ-
ences in the link between implicit motives and behavioral out-
comes (e.g., Hofer & Bond, 2008; Hofer, K€artner, Chasiotis,
Busch, & Kiessling, 2007). One core challenge in cultural group
comparisons using implicit motive measures is that respond-
ents from different cultural groups might differ in the way they
interpret picture cues. Differences between cultures in implicit
motive measures would then not result from real differences in
implicit motives, but from cultural bias in picture perception. A
methodological tool designed to distinguish between real exist-
ing group differences (impact) and test bias (Thissen, Steinberg,
& Gerrard, 1986) is differential item functioning (DIF). The
core goal of DIF is to identify response options that function
differently across groups.
DIF is typically studied using item-response theory (IRT). How-
ever, IRT-DIF analyses require a viable IRT measurement model
for the psychological individual differences construct of interest.
The response process in implicit motive measures is complex
because the motives do not act independently (Atkinson & Birch,
1970). Recently, researchers developed an IRT measurement
model—the dynamic Thurstonian IRT model (DTM; Lang,
2014)—that accounts for the dependency of the motives and
applied variants of this model to implicit motive measures (Lang,
2014; Lang, Zettler, Ewen, & H€ulsheger, 2012; Runge et al., 2016).
This measurement model builds on recent advancements in the
modeling of forced-choice data using Thurstonian IRT (Brown &
Maydeu-Olivares, 2013) and additionally accounts for a dynamic
reduction in motive strength after motive enactment (Tuerlinckx,
De Boeck, & Lens, 2002; Verhelst & Glas, 1993).
This article seeks to contribute to the literature in two ways.
First, we contribute to the emerging literature on Thurstonian IRT
modeling for implicit motive measures and show that the DTM
can be used to study implicit motives across cultures. We describe
how a frequently used method to assess DIF in IRT models—the
likelihood-ratio method—can be used to analyze and identify DIF
in DTM models for implicit motive measures. We also describe
how the results of a likelihood-ratio analysis can be used to build a
partially invariant DTMmodel that accounts for pictures with DIF
in estimating latent motive scores.
The second contribution is a demonstration of DTM-based
cross-cultural analyses using a data set of the Operant Motive
Test (OMT; Kuhl & Scheffer, 1999), a measure for implicit
motives. This data set includes participants from three cultures:
Cameroon, Germany, and Costa Rica (Chasiotis, Hofer, &
Campos, 2006). Our demonstration shows how DTM-based
analyses can provide insights into differences in picture percep-
tion and implicit motives across cultures.
Implicit motives
Implicit motives are described as associative networks that connect
situational cues with basic affective reactions and implicit
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behavioral tendencies. These behavioral tendencies are noncon-
scious dispositions to seek or avoid certain classes of incentives
(McClelland, 1984; McClelland, Atkinson, Clark, & Lowell, 1953).
The incentives are typically classiﬁed in three categories: need for
afﬁliation, need for achievement, and need for power. The implicit
afﬁliation motive is described as an interest to establish, maintain,
or restore positive relationships with others; the implicit achieve-
ment motive as an interest to improve one’s performance; and the
implicit power motive as the interest to impress, inﬂuence, and
control others (Schultheiss & Brunstein, 2010).
Cultural differences
In the early years of research on implicit motives, McClelland
and colleagues studied cultural aspects of the need for achieve-
ment (McClelland, 1961; McClelland et al., 1953). In later
years, research was typically limited to European-American
cultural contexts. Over a decade ago, researchers started to
revive cross-cultural studies on implicit motives.
Cross-cultural research on implicit motives has focused on
two lines of research. The ﬁrst line of research focused on cul-
tural differences in implicit motives and on culture-speciﬁc dif-
ferences in behavioral predictions of implicit motives.
Contributing to this ﬁrst line of research, researchers found cul-
tural differences in need for achievement (e.g., Cameroon vs.
Costa Rica: d D 0.88; Busch, Hofer, Chasiotis, & Campos,
2013) and need for power (e.g., Germany vs. Cameroon: d D
.58; Hofer, Busch, Chasiotis, K€artner, & Campos, 2008). A sam-
ple including managers from 24 countries also provided evi-
dence for systematic differences in need for achievement and
need for afﬁliation (van Emmerik, Gardner, Wendt, & Fischer,
2010).
The second line of research focused on universal characteristics
and showed similarities in the development and behavioral predic-
tions of implicit motives among people with various cultural back-
grounds. Studies contributing to this second line of research have,
for instance, shown that a high congruency between implicit and
explicit achievement and afﬁliation motives was related to higher
life satisfaction of participants recruited in European-American,
Latin American, and African cultures (Hofer & Chasiotis, 2003;
Hofer, Chasiotis, & Campos, 2006). Research in this area has also
documented that people—across various cultures—who are capa-
ble of accessing their implicit motives have a higher congruency
between explicit and implicit motives, and commit stronger to self-
congruent goals (Hofer et al., 2010). Finally, cross-cultural research
has also found support for the universality of the developmental
link between a prosocial power orientation and childhood context
variables like parental socioeconomic status and number of siblings
(Chasiotis, Bender, & Hofer, 2014; Chasiotis et al., 2006). Although
both lines of cultural research on implicit motives have made con-
siderable advances, knowledge on the inﬂuence of cultural contexts
on implicit motives is still limited (Hofer &Chasiotis, 2011).
Bias in cross-cultural research of implicit motive
measures
Cross-cultural studies on implicit motive measures come along
with various methodological challenges. Van de Vijver (2000)
addressed some of those challenges and formulated a
theoretical background to evaluate Thematic Apperception
Test (TAT) type measures used in cross-cultural research. The
key concept in this evaluation is bias, which is deﬁned as “a
lack of similarity of psychological meaning of test scores across
cultural groups” (Van de Vijver, 2000, p. 88). He described
three types of bias: construct bias, method bias, and item bias.
Construct bias exists if the measured construct differs across
cultural groups. Sources of construct bias can be only partially
overlapping construct deﬁnitions or incomplete assessment of
various aspects of the construct. Method bias occurs when test
samples differ in relevant characteristics, when test characteris-
tics such as familiarity with stimulus material differ between
countries, or when the person administering the test inﬂuences
the test score. Item bias is present when people with the same
level in a certain trait that come from different cultures have a
different probability of endorsing an item. Sources for item bias
can be that stimulus material, such as a picture, invokes differ-
ent psychological functions or has a speciﬁc meaning only in
one of the tested cultures. Thus, item bias is systematic and not
the same as noise, or measurement error. Item bias is typically
studied using DIF analysis. DIF analysis can be done with IRT
and non-IRT techniques.
Researchers have successfully identiﬁed DIF pictures in
implicit motive tests using non-IRT techniques such as the
Mantel–Haenszel procedure (Hofer & Chasiotis, 2004; Hofer,
Chasiotis, Friedlmeier, Busch, & Campos, 2005) or log-linear
model analysis (Busch et al. 2013; Hofer et al., 2005). In the
Mantel–Haenszel procedure, one applies chi-square statistics to
test whether the number of motive responses is equally distrib-
uted among two cultures for a picture (Hofer & Chasiotis,
2004). In the log-linear model analysis, one tests hierarchically
related models that successively include the following effects:
score level, culture, and interaction of culture and score level
(Hofer et al., 2005). If the model with only score level ﬁts best
to the data, an item is considered as not biased. Both proce-
dures categorize respondents score levels into low–medium–
high.
In this study, we analyze item bias using an IRT-based
approach. The procedure we suggest expands non-IRT techni-
ques and enables precise parameter estimations using a model-
based separation of latent motives and item effects. A central
feature of the IRT approach is that it enables partial invariance
models. In partial invariance models, one estimates item
parameters separately for each group in case DIF was detected.
Therefore, one does not need to fully exclude DIF items to be
able to estimate meaningful group differences in implicit
motives.
DIF in implicit motive measures using DTM
DIF is present when an item has a different probability to be
solved (or acknowledged) by respondents with the same latent
trait who belong to qualitatively different groups, such as
groups with different cultural backgrounds. DIF analysis is a
statistical method—typically applied in IRT—to detect biased
test items. The goal of a DIF analysis is to distinguish between
real existing group differences in latent traits and test bias
(Thissen et al., 1986).
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Dynamic Thurstonian IRT
The most prevalent measurement model for implicit motive
tests has always been the sum score model (classical test
theory). Because researchers found low internal consisten-
cies (which are part of classical test theory methodology),
but also higher retest reliabilities and strong validity evi-
dence, it seems unlikely that the sum score model is ade-
quate (Atkinson & Birch, 1970; Tuerlinckx et al., 2002). A
prominent explanation of why classical test theory fails to
adequately measure reliability is given in the dynamics of
action theory (DoA; Atkinson & Birch, 1970). The authors
described—among other processes—two response processes
that inﬂuence the response to stimuli in implicit motive
measures. The ﬁrst process is termed change of activity and
describes that an individual changes an action when the
strength of another action tendency is higher, which implies
that action tendencies compete for enactment. The second
process is the consummatory force, which describes the
reduction of an action tendency after enactment. For
instance, when a person is hungry, the action strength of
eating is high, so that the action of eating will win the com-
petition against other action tendencies. When the person
has ﬁnished eating, the action tendency for eating will be
reduced and other action tendencies will be higher. The
typical explanation of this consummatory force is that the
need has been satisﬁed and temporarily loses some of its
strength. After a refractory period, the motive strength
returns to its original strength. This leads, according to
DoA, to a waning and waxing of motive-speciﬁc behavior.
With advancements in IRT modeling it became possible to
test these processes. Tuerlinckx et al. (2002) tested the assumed
reduction of motive strength in a series of models. The ﬁrst
model was a basic IRT model, the second model was a dynamic
model that included a reduction of motive strength after enact-
ment, and the third model was a stochastic dropout model that
accounts for behavior that was not led by the studied motive.
The best ﬁtting model was the third model. These IRT models
included only one motive, so that motive competition was not
examined.
The most recent and reﬁned measurement model for
implicit motives is the DTM model (Lang, 2014) that builds on
recent advancements in the modeling of paired comparison
data (B€ockenholt, 2001) and forced-choice questionnaires
(Brown & Maydeu-Olivares, 2013) to also model motive com-
petition. The DTM also models dynamic reduction of motive
strength. This model enabled researchers to test the process of
reduction in motive strength after enactment suggested in
DoA. Studies for the Picture Story Exercise (PSE; Lang, 2014)
as well as the OMT (Runge et al., 2016) have used the DTM as
a framework to test different conceptualizations of motive
reduction after enactment: a temporary effect as suggested in
DoA, a longer but still temporary effect that lasts for two or
three pictures, as well as a sustained effect that lasts for length
of the whole test. These studies showed that a sustained effect
ﬁt best to the PSE and OMT data sets that were studied. Lang
(2014) speculated that the recovery of implicit motives might
take more time than originally anticipated and might happen
after respondents ﬁnish working on a picture set.
Using DTM for DIF analyses
The advantage of using an IRT framework for studying motive
responses is that IRT allows for advanced DIF analysis. The
fundamental difference between the previously applied DIF
detection procedures and IRT-based DIF detection procedures
is that IRT models estimate person and picture effects sepa-
rately. IRT-based techniques are commonly considered to be
less prone to confounding real mean differences with bias
(Lord, 1977) and researchers have suggested that IRT methods
are “the most generally valid of all biased item detection meth-
ods” (Osterlind, 1987, p. 69). Analyzing DIF in implicit motive
measures using DTM offers various additional advantages over
non-IRT methods.
First, the DTM estimates latent traits based on two
underlying response processes (motive competition and
dynamic reduction of motive strength) and thus allows for
a more precise parameter estimation both for person as
well as for picture parameters. Both previous approaches
build groups of low–medium–high motive levels (score
level) and depend on sum scores. As a consequence, those
tests only really function well when most pictures are unbi-
ased (Hofer et al., 2005). On the contrary, IRT-based DIF
analysis is able to perform DIF analysis even when only
one item is unbiased (Thissen et al., 1986).
Second, IRT DIF analyses are parametric and therefore allow
us to compare more than two groups simultaneously, which is
especially interesting in studies in more than two cultures. The
IRT approach shares this feature with the previously applied
log-linear approach. The Mantel–Haenszel procedure can only
compare two groups and is, thus, less suitable for cross-cultural
research based on three or more cultures.
Third, in the case that DIF is found, it is possible to build a
partial invariance model that estimates picture parameters of
the DIF categories separately for each group. One does not
need to exclude pictures in which DIF was found; thus, more
information is included in the trait estimation.
DIF analysis using likelihood-ratio tests
A common strategy to analyze items for DIF in IRT uses likeli-
hood-ratio tests to compare nested models (Thissen et al.,
1986). The typical procedure is to compare a basic IRT model
in which item parameter estimation is constrained to be equal
for all groups with a DIF model that allows the item parameter
for the focused item to be estimated separately for the groups
of interest (De Boeck et al., 2011; Thissen et al., 1986). If the
DIF model improves model ﬁt, the item is ﬂagged as a DIF
item.
In this strategy, one assumes that all other items in the DIF
model are unbiased, which is in most cases unknown. Because
a set of unbiased items is typically unknown, one starts the
model comparisons for the ﬁrst item with the basic IRT model.
If the ﬁrst item shows DIF, all following model comparisons
estimate this item separately for each group; if the item shows
no DIF, it is estimated equally for all groups. In this procedure,
one does not need to make assumptions for already tested
items. We then proceed to test all following items in the same
way. We also tested a more complex iterative strategy to
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establish a set of unbiased items, and results were highly simi-
lar.1 The DTM is a Rasch type model with a ﬁxed a parameter.
Thus, only uniform DIF can be tested. However, nonuniform
DIF is relatively rare (Dorans & Holland, 1992; Van de Vijver
& Leung, 1997).
When DIF has been identiﬁed, one can either remove those
pictures from the test or specify a partial invariance model. In
the partial invariance model, all picture parameters for which
DIF has been found are estimated separately for each group
and all non-DIF parameters are estimated jointly. This proce-
dure is typically used in structural equation modeling (Reise,
Widaman, & Pugh, 1993) and has the advantage that informa-
tion from the DIF pictures is not lost.
This research
We analyze a data set of an OMT picture set that has been
developed and applied for implicit motive research in three dif-
ferent cultures: Cameroon, Germany, and Costa Rica (Chasiotis
et al., 2006). We were interested in differences in latent motives
between those cultures and OMT pictures that potentially show
DIF. We analyze the OMT picture set for DIF in three cultures
using the steps previously described and determine unbiased
latent mean differences using a partial invariance model.
Method
Selection of cultures
A sample needs to show a high cultural diversity to test univer-
sal assumptions. The cultures in this study show high cultural
diversity, being recruited from Africa (Cameroon), Europe
(Germany), and Latin America (Costa Rica). The cultures in
this study differ in socioeconomical background, sociocultural
norms, values, and orientations (Hofstede, 2001). The Costa
Rican and German samples are relatively representative for the
nation, but Cameroon is a multiethnic nation. To control for
cultural differences among African participants, the Cameroo-
nian sample is restricted to Nso, which is a large ethnic group
in the Anglophone northwest province of Cameroon (Yovsi,
2003).
Participants
The sample of 369 OMTs is part of a research project that
aimed at measuring implicit motives in three different cultures
(Chasiotis et al., 2006; Hofer et al., 2005) and comprises 180
women and 189 men with an age range from 18 to 75 (M D
36.42, SD D 14.25) years. The data set includes participants
from Cameroon (n D 125), Germany (n D 124), and Costa
Rica (n D 120). Participants from Costa Rica and Cameroon
were interviewed at their homes, whereas participants from
Germany were interviewed at the University of Osnabr€uck. The
sample is balanced for gender, socioeconomic status, and rural
versus urban regions within each of the countries. The OMT
data from this research project have previously been published
in Busch et al. (2013), Chasiotis et al. (2014), Chasiotis et al.
(2006), and Hofer et al. (2008).
The Operant Motive Test
The OMT is a recent measure of implicit motives that is based
on more traditional picture-based implicit motive test such as
PSE and TAT (e.g., Smith, 1992). In the OMT assessment pro-
cedure, researchers present a series of pictures depicting social
scenes with one or more persons. Respondents are asked to
choose one of the persons as main character of their story. The
OMT only asks for brief answers to four questions:
1. What is important for the person in this situation and
what is the person doing?
2. How does the person feel?
3. Why does the person feel this way?
4. How does the story end?
A distinctive feature is that the OMT uses drawings as pic-
ture cues. The drawings are less detailed than photographs and
leave certain characteristics such as gender, clothing, and ethnic
group open. Neutral drawings reduce the probability that
respondents choose a character based on cultural characteris-
tics, which could lead to DIF.
The responses are categorized into one of the three motives,
and a story with no motive content is coded as zero. The OMT
coding system additionally differentiates among ﬁve categories
within each motive: three approach, one avoidance, and one in-
between category (Kuhl & Scheffer, 2001). Researchers studied
the differentiation between approach and avoidance motivation
since the early years of research on implicit motives, especially
for achievement motivation (McClelland & Liberman, 1949).
Different researchers have developed procedures to measure
hope of success and fear of failure (Birney, Burdick, & Teevan,
1969; McClelland et al., 1953; Pang, 2006). Veroff and Veroff
(1972) suggested that the power motive divides into a hope of
power and a fear of weakness component and Boyatzis (1973)
suggested that the afﬁliation motive divides into hope for close-
ness and fear of rejection. A differentiated review is provided
by Schultheiss (2010). The OMT builds on this research and
differentiates between approach and avoidance motivation.
To test whether the theoretically based differentiation into
approach and avoidance components applies to this data set,
we correlated latent approach and avoidance motivations for
each motive. A high correlation would indicate that a differen-
tiation between approach and avoidance motivation is not jus-
tiﬁed for the OMT. No correlation or a negative correlation
would indicate that the approach and avoidance components
are measuring different aspects. We found negative correlations
between approach and avoidance motivation for afﬁliation (r D
–.35), achievement (r D –.37), and power (r D –.15) motivation
when approach motivation included from Level 1 to 3. This
1The iterative procedure to establish a set of unbiased items is performed in three
steps (Edelen, Thissen, Teresi, Kleinman, & Ocepek-Welikson, 2006). In a ﬁrst step,
one identiﬁes a set of temporary anchor items. Therefore, one tests every item
for DIF under the assumption that all other items are non-DIF. All items that do
not show DIF in the ﬁrst step are then used as potential anchor items; the other
items are considered as potential DIF items. In the second step, one establishes
the ﬁnal anchor set of unbiased items. Therefore, one removes all potential DIF
items and retests all potential anchor items, under the assumption that the other
potential anchor items are unbiased. This step is repeated until no item is identi-
ﬁed as a DIF item. The remaining items can then be used as ﬁnal anchor set. In
the ﬁnal step, each of the potential DIF items identiﬁed in Steps 1 and 2 is
retested relative to the ﬁnal set of anchor items. Only items that show DIF in the
last steps are considered DIF items.
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ﬁnding gives evidence that separating approach and avoidance
motivation is reasonable for this OMT data set. We used a strict
deﬁnition of approach motivation and included OMT Levels 1
to 3 into an approach factor, because this model showed higher
parameter recovery compared to a broader approach factor
that includes Levels 1 to 4 (see later for IRT reliability
estimation).2
The OMTs were ﬁlled out in three different languages:
English in Cameroon, German in Germany, and Spanish in
Costa Rica. Four coders at the University of Osnabr€uck who
speak both English and German evaluated the OMTs from
Cameroon and Germany. Five Spanish-speaking coders from
the University of Costa Rica evaluated the OMTs from Costa
Rica. All coders used the detailed information provided in the
OMT manual (Kuhl & Scheffer, 2001)—in the Spanish transla-
tion for coders from Costa Rica—and were instructed and
trained through OMT coding seminars. All coders reached an
agreement of Cohen’s k > .85 on training material prior to the
coding of the study. The rater agreement in the study has been
evaluated on 20 double-coded and translated OMTs from
Costa Rica. Cohen’s k for the 20 translated stories from Costa
Rica between the raters from Costa Rica and Germany was .86
for afﬁliation, .81 for achievement, and .84 for power (Chasiotis
& Hofer, 2003). Because German and Costa Rican coders
reached sufﬁcient agreement, all following OMTs have been
single coded and randomly distributed between all coders. A
detailed description of the coding procedure in this research
project is given by Chasiotis and Hofer (2003).
We estimated reliability using an IRT simulation approach
that describes how well trait estimates are recovered in 100 sim-
ulated and bias-corrected simulation runs. A description of this
standard procedure for reliability estimation in DTM is pro-
vided by Lang (2014). The reliability estimates were r2
uu^
D :63
for afﬁliation, r2
uu^
D :50 for achievement, and r2
uu^
D :69 for
power. The reliabilities for afﬁliation and power are similar to
OMT IRT reliabilities in the literature (Lang et al., 2012; Runge
et al., 2016). For research purposes, reliabilities in this range are
typically sufﬁcient (Ellis, 2013). The reliability for achievement
is lower compared to previous OMT studies.
Analyses
Dynamic Thurstonian IRT model for the OMT
Researchers have recently applied modern Thurstonian IRT
models to implicit motive tests and modeled motive competi-
tion as choice behavior (Lang et al., 2012) and added the
dynamic reduction to the model (Lang, 2014; Runge et al.,
2016). In the following section, we describe how the Thursto-
nian IRT model can be used to analyze OMT data using general
linear mixed-effects models.
Motive competition is modeled as pairwise motive compari-
sons on Level 1. Let paffachs, paffpows, paffzeros, pachpows, pachzeros,
and ppowzeros denote the probability that person s prefers one
motive category (aff, ach, pow, and zero for other content) to
another. These probabilities are a function of difference
between the latent utilities for each motive category. The latent
utilities for each motive can be denoted as maffs, machs, mpows,
and mzeros. They are linked with a probit link to the binomial
outcome. The Level 1 probit model can be written as
probit paffachs
 
probit paffpows
 
probit paffzeros
 
probit pachpows
 
probit pachzerosð Þ
probit ppowzeros
 
0
BBBBBBBB@
1
CCCCCCCCA
D
1 ¡ 1 0
1 0 ¡ 1
1 0 0
0 1 ¡ 1
0 1 0
0 0 1
0
BBBBBBB@
1
CCCCCCCA
maffs
machs
mpows
0
0
BBB@
1
CCCAD Dms
In this denotation, ms is a vector that contains the latent util-
ities and D is the design matrix that contains three dummy var-
iables that refer to three of the four motive categories. The
fourth row of dummy variables can be omitted without losing
generality, and the equivalent row of mean evaluations is con-
strained to zero.
In Level 2 of the linear mixed-effects model, the latent utili-
ties ms are speciﬁed by adding a person parameter, a picture
parameter, and additionally a dynamic parameter that accounts
for the dynamic motive reduction. The complete Level 2 speci-
ﬁcations of the DTM model can be written as follows:
maffsD
PM
mD 1
xaffms baffmCDEaffsbaff C naffs
machsD
XM
m D 1
xachms bachmCDEachsbachC nachs
mpowsD
XM
mD 1
xpowms bpowmCDEpowsbpowC npows
mzerosD 0:
In this speciﬁcation, ns is a random person effect (theta) for
each motive that captures the latent motive of the person. xms
m D 1; . . . ;Mð Þ is a picture covariate with M being the total
picture number and a ﬁxed effect bm that denotes the mean
evaluation of picture m for the corresponding motive category
(in contrast to standard IRT, in which bm denotes easiness and
not difﬁculty). For each picture, the DTM includes up to three
motivational categories (afﬁliation, achievement, and power)
and a zero category that includes all non-motive-relevant
responses including all avoidance categories. These response
options for each picture are captured by the ﬁxed effect bm and
are conceptually the same as items in other (Thurstonian) IRT
models. When we refer to items in the context of this article,
we thus refer to the endorsement of a speciﬁc motivational
response category for a speciﬁc picture in the context of the
DTM. DE denotes the dynamic effect and is the sum of all pre-
vious responses of the respective motive. A detailed model
description for the OMT is provided by Runge et al. (2016).
Model estimation
DTMmodels can be ﬁtted in the lme4 1.1–12 package using the
Bayesian glmer function (Bates, M€achler, Bolker, & Walker,
2015) in the R environment (R Core Team, 2015). Some of the
2All analysis can also be applied to the less strict deﬁnition of approach using
OMT Levels 1 to 4 that also correlate negatively with avoidance motivation (afﬁli-
ation r D –.30, achievement r D –.47, and power r D –.09).
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pictures showed almost no motive responses for one or two
motives. Because information in responses with very low
response probabilities is limited, it is difﬁcult for generalized
linear mixed-effects models (GLMMs) like the DTM to esti-
mate effects. The standard approach is to exclude the item (e.g.,
Debeer & Janssen, 2013). It is reasonable to assume that some
pictures in the OMT do not invoke a certain motive. Thus, we
excluded items that show very few responses from model esti-
mation. In detail, items with a response frequency lower than
3% for speciﬁc motives in seven cases (Pictures 1–5 and 12; see
Table 1) were eliminated before model estimation. The glmer
function uses the Laplace approximation (B€ockenholt, 2001)
and estimates random effects with the maximum a posteriori
method (De Boeck et al., 2011). We used the BOBYQA algo-
rithm in NLOPT as an optimizer for model estimation. We
reran the analysis with other optimizers and results were highly
similar. A detailed description of these procedures including an
R code tutorial is provided by Runge et al. (2016).3
Results
Table 1 shows the overall response frequencies for each
motive. Table 2 provides the result of the DIF analyses. As
indicators of model ﬁt we report the Bayesian information
criterion (BIC), as it is common in the literature on gener-
alized linear mixed-effects models (Bates et al., 2015; Doran,
Bates, Bliese, & Dowling, 2007). The BIC is an index that is
smaller for models that provide better ﬁt to the data and
penalizes complex models. With a high sample size, the
BIC is consistent in selecting the true model (Vrieze, 2012).
Picture 1/afﬁliation (BIC change: 15.6), Picture 2/afﬁliation
(BIC change: 8.6), and Picture 6/power (BIC change: 3.5)
were identiﬁed as DIF items. The ﬁrst DIF item was Picture
1/afﬁliation that showed a much lower item parameter for
Germany compared to Cameroon and Costa Rica (see
Table 3). The picture shows two people embracing each
other. The second DIF item was Picture 2/afﬁliation, which
also showed a much lower item parameter for Germany
compared to Cameroon and Costa Rica. This picture shows
two people who speak behind the back of another person.
The third DIF item was Picture 6/power, which had a
higher item parameter for Costa Rica compared to Came-
roon and Germany. This picture shows two people drawing
circles.
To evaluate latent mean differences across the tested cul-
tures we analyzed a partial invariance model with item parame-
ters estimated separately for each culture for the three
identiﬁed DIF items. In this model, we allowed latent mean
differences in implicit motives to vary between the cultures.
The parameter estimates of the ﬁnal model are presented in
Table 3. Higher values for a picture parameter indicate a higher
picture pull. The dynamic effects are negative, indicating that a
response for a certain motive is less likely for each previous
response to this motive. This ﬁnding is in line with previous
studies (Lang, 2014; Runge et al., 2016).4 The information from
a DTM can be directly translated to predictions for responses
for a particular picture. For instance, consider a hypothetical
scenario in which a person with one previous afﬁliation
response (a dynamic effect DE of 1 for afﬁliation), but no previ-
ous achievement responses (a dynamic effect DE of 0 for
achievement) and true latent traits of theta D 2 and theta D 1
for afﬁliation and achievement, respectively, would answer Pic-
ture 7. The predicted probit that this person chooses afﬁliation
over achievement in this picture is
paffachsD

xaff 7sbaff 7CDEaffbaff C naffs

¡

xach7sbach7CDEachbachC nachs

D ¡ 1:29C 1 £ ¡ 1:75ð Þð ÞC 2ð Þ
¡ ¡ 0:57C 0 £ ¡ 0:79ð Þð ÞC 1ð ÞD ¡ 1:61:
The probit link in GLMM follows the (inverse) cumulative
standard normal distribution. Thus, probits can be translated
to a probability that the person chooses afﬁliation over achieve-
ment using a normal distribution table or a statistical software
package. A value of –1.61 is equal to a probability of 5%.
Table 4 presents the latent mean differences of implicit
motives for each culture from the partial invariance model as
well as the original model without any DIF analysis. The values
indicate the difference between the cultures in the average
response probabilities for each motive. For example, German
respondents were least likely and people from Costa Rica were
most likely to respond with an afﬁliation story. People from
Germany have a lower latent afﬁliation motivation than people
from Cameroon, and people from Cameroon have a lower
latent afﬁliation motivation than people from Costa Rica.
Table 1. Frequency of motive responses for each picture.
Picture Aff % Ach % Pow % Other %
1. Embracing couple 44.7 0.3 23.6 31.4
2. Talking behind the back 7.0 2.4 23.8 66.7
3. Giant in a group 6.0 2.4 44.2 47.4
4. Laying stones 0.0 37.7 0.8 61.5
5. People behind a desk 0.5 7.0 23.8 68.6
6. Drawing circles 1.6 39.8 10.8 47.7
7. Opposite with folded arms 5.1 9.2 36.0 49.6
8. Big and small person 3.5 12.2 10.8 73.4
9. Women sitting behind a man 6.2 3.5 12.8 79.4
10. Group of people 12.7 15.7 27.4 44.2
11. Women and man talking 23.6 3.3 24.1 49.1
12. Man with a ﬁst 0.5 15.7 18.4 65.3
3The following basic R code is for a DIF model that tests DIF for afﬁliation in Pic-
ture 1: glmer(response»0CAFF:PIC1:CAMEROONCAFF:PIC1:
GERMANYCAFF:PIC1:COSTARICACAFF:PIC2CAFF:PIC3CAFF:
PIC6CAFF:PIC7CAFF:PIC8CAFF:PIC9CAFF:PIC10CAFF:
PIC11CACH:PIC4CACH:PIC5CACH:PIC6CACH:PIC7CACH:
PIC8CACH:PIC9CACH:PIC10CACH:PIC11CACH:PIC12CPOW:
PIC1CPOW:PIC2CPOW:PIC3CPOW:PIC5CPOW:PIC6CPOW:
PIC7CPOW:PIC8CPOW:PIC9CPOW:PIC10CPOW:PIC11CPOW:
PIC12CAFF:DEAFFCACH:DEACHCPOW:DEPOWC(AFFCACHC
POWC0jperson),familyDbinomial(“probit”),tdata,con-
trolDglmerControl(optimizerD“nloptwrap”,calc.
derivsDF))
4We have also tested a model using a temporary reduction in motive strength
that is similar to the conceptualization of motive consumption in DoA. We found
that, consistent with the literature (Lang, 2014; Runge et al. 2016), the model
with temporary reduction in motive strength (BIC D 10241.9) did not improve
model ﬁt over the model with sustained reduction in motive strength (BIC D
9778.4).
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Considerable differences between the normal and the DIF cor-
rected model were found for afﬁliation motivation in the Ger-
man part of the sample. The difference reﬂects the corrected
item easiness parameters in the two identiﬁed DIF items for
afﬁliation.
Discussion
In this study, we showed how the DTMmodel can be used to study
implicit motives across cultures and identify DIF items in implicit
motive measures. We demonstrated the DIF model using a picture
set of the OMT. Three items were ﬂagged as DIF. Parameter esti-
mates for these items showed that the ﬁrst two pictures elicited
fewer afﬁliation responses in the German subsample compared to
the other countries and Picture 6 elicited more power responses for
Costa Rica compared to the other countries. We built a partial
invariance model in which item parameters were estimated sepa-
rately for each country for the DIF items. Latent mean differences
showed that implicit motives among between the countries. A
comparison with the latent mean differences obtained from the
standardmodel showed that the partial invariance model corrected
for the DIF items. However, the rank order for latent mean implicit
motive scores between the countries did not change and the DIF
correction was not large.
The ﬁrst implication of the study is that this picture set of the
OMT is useful for the comparison of implicit motives in the three
tested cultures. Although three items were identiﬁed as DIF, pic-
tures in this OMT set were mostly unbiased. This picture set can be
used for future studies if researchers correct for the identiﬁed DIF
items or exclude those pictures from model estimations. On a
more general level, this study emphasizes earlier research on
implicit motive tests that demonstrate that implicit motive tests
can be used to compare implicit motives universally across cultures
(Hofer et al., 2005).
The second implication of the study is that implicit
motives vary between people from different countries with
different cultural backgrounds. Our ﬁndings suggest that
people from Germany had the lowest motive scores among
the three groups for all motives. People from Costa Rica
had higher afﬁliation scores than people from Cameroon.
This ﬁnding is in line with previous research that found dif-
ferences in implicit motives between people with various
cultural backgrounds (Busch et al., 2013; Hofer et al., 2008;
van Emmerik et al., 2010) and, thus, indicates the existence
of culture-speciﬁc variations in implicit motives. Germany
having a lower power motivation compared to Costa Rica
and Cameroon has previously been reported (Chasiotis
Table 2. Change in Bayesian information criterion (BIC) in the sequential differen-
tial item functioning (DIF) testing.
Model Aff Ach Pow
Picture 1: Embracing couple 15.6 — ¡9.5
Picture 2: Talking behind the back 8.6 — ¡13.1
Picture 3: Giant in a group ¡3.0 — ¡4.6
Picture 4: Laying stones — ¡0.7 —
Picture 5: People behind a desk — ¡14.5 ¡10.9
Picture 6: Drawing circles ¡11.2 ¡11.0 3.5
Picture 7: Opposite with folded arms ¡18.3 ¡17.7 ¡17.4
Picture 8: Big and small person ¡19.6 ¡15.8 ¡11.3
Picture 9: Women sitting behind a man ¡14.6 ¡16.4 ¡11.7
Picture 10: Group of people ¡15.2 ¡18.1 ¡13.3
Picture 11: Women and man talking ¡15.4 ¡14.2 ¡13.0
Picture 12: Man with a ﬁst — ¡10.7 ¡18.0
Note. Bold BIC indicates DIF.
Table 3. Parameter estimates for the partial invariance model.
Aff Ach Pow
Estimate Fixed effects SE Fixed effects SE Fixed effects SE
Picture 1: Embracing couple ¡0.10 0.14
Cameroon 0.24 0.27
Germany ¡0.71 0.30
Costa Rica 0.69 0.29
Picture 2: Talking behind the back ¡0.49 0.14
Cameroon ¡1.32 0.29
Germany ¡3.68 0.60
Costa Rica ¡1.89 0.33
Picture 3: Giant in a group ¡1.45 0.27 0.47 0.14
Picture 4: Laying stones ¡0.26 0.15
Picture 5: People behind a desk ¡1.55 0.17 ¡0.03 0.14
Picture 6: Drawing circles ¡2.23 0.31 0.37 0.15
Cameroon ¡0.45 0.21
Germany ¡0.58 0.22
Costa Rica 0.34 0.19
Picture 7: Opposite with folded arms ¡1.29 0.26 ¡0.57 0.17 0.76 0.15
Picture 8: Big and small person ¡1.64 0.27 ¡0.47 0.18 ¡0.10 0.17
Picture 9: Women sitting behind a man ¡1.13 0.26 ¡1.21 0.20 ¡0.09 0.17
Picture 10: Group of people ¡0.01 0.25 0.23 0.18 1.03 0.17
Picture 11: Women and man talking 0.86 0.26 ¡0.74 0.22 1.06 0.18
Picture 12: Man with a ﬁst 0.18 0.20 0.85 0.19
DE ¡1.75 0.13 ¡0.79 0.10 ¡0.61 0.05
Random effects 2.20 1.30 1.14
Correlations
Aff —
Ach 0.17 —
Pow 0.03 0.06 —
Note. kD 10,627 pair-wise comparisons nested in nD 369 persons and 12 pictures. AffD afﬁliation vs other; AchD achievement versus other; PowD power versus other;
DE D dynamic effect operationalized as the number of previous motive related responses. SEs are obtained from the summary output in glmer.
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et al., 2006). More recent studies (Aydinli, Bender, Chasio-
tis, van de Vijver, & Cemalcilar, 2015; Chasiotis et al.,
2014) replicated the ﬁndings—including more than the
three countries analyzed in this study—that two factors
explain the cultural variance in the development of implicit
power motivation: the number of siblings and parental
socioeconomic status. Participants with more siblings have
a developmental context in which they are exposed to more
power-motivated behavior such as caretaking compared to
participants with fewer or no siblings. Busch et al. (2013)
found, focusing on the ﬂow aspect of achievement, that
Germany scored lower, compared to Costa Rica and Came-
roon. Achievement motivation can be seen as a materialistic
value that is less important in postindustrial cultures like
Germany, compared to self-expression and subjective well-
being (Inglehart & Baker, 2000). For afﬁliation motivation,
a previous study showed that Costa Rica has a higher need
for afﬁliation compared to Germany; however, this study
did not ﬁnd a lower afﬁliation motivation for Germany
compared to Cameroon (Hofer et al., 2006). Overall, our
ﬁndings are largely in line with previous studies.
It is difﬁcult to interpret the DIF items because the DIF test
does not reveal the source of DIF. One possible explanation for
DIF in this study is a systematic bias for coders between Costa
Rica and Germany. However, such a bias could only apply to
the DIF found in Picture 6, which was between Costa Rica and
the other cultures. Although a coder bias could be responsible
for the differences in Picture 6, we cannot test this interpreta-
tion because the cultures and coders are confounded. None of
the other pictures showed DIF between the coders so a general
coder bias is unlikely. Another potential post-hoc explanation
for the DIF in Pictures 1 and 2 is that Germany is an individu-
alistic country, whereas Cameroon and Costa Rica are more
collectivistic countries (Hofstede, 2001). It could be that Pic-
tures 1 and 2 are interpreted as more individualistic in Ger-
many compared to Cameroon and Costa Rica, independent of
individual motive strength.
The third implication of the study relates to the scope of the pre-
sented DIF detection procedure. This study demonstrated the use
of IRTmethods in studying DIF for cultures in the OMT. The use-
fulness of the presented method is, however, not limited to the
OMT or cultural research. Another commonly used implicit
motive measure is the PSE. Because DTM was developed for the
PSE (Lang, 2014) it is straightforward to adapt the presented DIF
detection methods for the use in PSE research. Researchers have
also been interested in gender (Drescher & Schultheiss, 2016) and
age differences (Denzinger, Backes, Job, & Brandst€atter, 2016) in
implicit motives. The suggested method can be used to study DIF
for those comparisons as well.
Strength and limitations
A strength of our study is that it provides additional evidence
for the DTM approach (Lang, 2014) as a psychometric theory
of the response processes in implicit motive measures. Psycho-
metricians have repeatedly argued that a latent variable model
that provides a theory of the response process in a test is a
desirable type of evidence for its validity. Latent variable
modeling requires a philosophical position that has been
described as entity realism. In entity realism, a causal interpre-
tation may be formulated for the relation between latent varia-
bles and their indicators (Borsboom, 2006; Borsboom,
Mellenbergh, & van Heerden, 2003, 2004; Edwards & Bagozzi,
2000; Glymour, 2001; Pearl, 2000). This causal relation is com-
monly restricted to a between-subjects form for latent variable
models and can under normal conditions not be generalized to
processes at the individual level. Nevertheless, Borsboom et al.
(2003) encouraged researchers to build integrative models that
incorporate both individual differences and intraindividual
variation in items into joint psychometric models. As a ﬁrst
step in this direction, the DTM includes individual dynamic
processes and demonstrates that accounting for these pro-
cesses makes the extraction of meaningful latent between-per-
son variables possible. Future research on the OMT could seek
to also include experimental picture manipulations to gain fur-
ther insights. Efforts of this type would build models similar to
the model that Embretson (1994) described for intelligence
items. Borsboom et al. (2004, p. 1068) mentioned this model as
an important example for a psychometric model that integrates
both latent variables and intraindividual cognitive processes
and thus bridges the correlational and experimental research
in the way they suggested. Research of this type would build on
earlier experimental research in the motivation domain that
has so far only been conducted using PSE but not OMT meas-
ures (e.g., McClelland et al., 1953; McClelland & Liberman,
1949). Testing interactions between motives and experimental
conditions would also address Eysenck’s and Revelle’s call for
experimental personality research (Eysenck & Eysenck, 1985;
Revelle & Condon, 2015).
A limitation of our demonstration using the OMT is that
the OMT is an implicit motive test that is less frequently used than
the PSE. Although the OMT likely measures implicit motives, the
implicit motive deﬁnition of the OMT is not necessarily highly cor-
related with the motive deﬁnition in the Winter coding manual
Table 4. Differences in latent motives by country.
Latent mean differences
Standard DTM Partial invariance DTM
Picture Germany SE Costa Rica SE Germany SE Costa Rica SE
Afﬁliation ¡1.26 0.33 0.60 0.30 ¡1.06 0.34 0.51 0.32
Achievement ¡0.84 0.19 0.18 0.18 ¡0.85 0.19 0.18 0.18
Power ¡0.56 0.16 ¡0.17 0.16 ¡0.57 0.16 ¡0.26 0.16
Note. The latent mean differences are centered around Cameroon, which has 0.00 as latent mean motive score for all three motives. DTM D dynamic Thurstonian item-
response theory model. SEs are obtained from the summary output in glmer.
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(Winter, 1994). One study found that only power motivation cor-
related signiﬁcantly, but lower (r D .15), between OMT and PSE
scores. Another study found modest positive correlations of PSE
and OMT scores (afﬁliation r D .31, achievement r D .47, and
power r D .47) that were measured 3 months apart (Scheffer,
2001). A strength of the PSE is that some of the pictures have been
developed in the context of laboratory experiments.
Another limitation of this study is that the IRT reliability
of the achievement motivation measured with this picture set
is relatively low. One potential reason could be that the pic-
ture set uses fewer pictures (12) compared to the standard
picture set of the OMT (15) and the ﬁrst three pictures show
almost no achievement responses, thus the effective test
length for the achievement motive is reduced to nine pictures.
Researchers recommend a minimum test length of four to
ﬁve pictures for the PSE (Pang, 2010; Schultheiss & Pang,
2007). The OMT uses more pictures but responses are brief
and coders assign only one motive for a picture. Thus, the
PSE recommendation is not one-to-one applicable to the
OMT. Reliability is also not a linear function of test length;
other factors such as cue ambiguity, variance, and dynamic
effects can play a role. Thus, it is difﬁcult to give general
advice on minimum picture number in the OMT based on
this study. Future studies should systematically evaluate the
inﬂuence of test length on reliability and validity. Researchers
have noted that implicit motive measures with a high number
of pictures lead to a decrease in reliability and validity as a
result of fatigue (Reitman & Atkinson, 1958) or motive con-
sumption (Lang, 2014).
Another limitation is that other response processes that
have been suggested are not modeled with the DTM. For
instance, Schultheiss, Liening, and Schad (2008) suggested
that situations that arouse a speciﬁc motive response might
differ for individuals, based on differential learning histories.
Another process that is not modeled in this study is joint
motive expression. A response to a picture could be inﬂu-
enced by multiple motives. For instance, helping behavior
can satisfy the need for power as well as the need for afﬁlia-
tion. It is generally possible to model several codings in a
story using the DTM (see Lang, 2014), but in the OMT the
response questions are designed for brief answers and coders
are instructed to only code one motive in each picture on
the basis of the idea that most responses are dominated by
one motive theme (also see Tuerlinckx et al., 2002). In future
studies, researchers could modify the response and coding
format of the OMT and model multiple motive expressions
in the OMT using DTM. Statisticians have argued that all
models are wrong, but some models are useful (Box, 1976).
The DTM is a useful model to test response processes in
implicit motive measures. Future research might continue
this work and model other response processes.
Conclusion
In this study, we showed how theDTMcan be used to identify item
bias in implicit motive measures and suggested the use of a partial
invariance model that corrects for bias, to study implicit motives
across culture. We demonstrated the procedure on an OMT data
set with participants from Cameroon, Costa Rica, and Germany.
This study further contributes to the emerging IRT literature on
implicit motives by displaying an additional application.
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